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Strong immunohistochemical reactivity for p53
tumor suppressor gene product has been re-
ported in a variety ofdifferent human malignan-
cies including CD30- (Ki-1) positive anaplastic
large ceU lymphoma (ALCL). Although high levels
ofp53 protein have been interpreted as abnor-
mal, rapidly proliferating benign and neoplastic
lymphoid ceUls may have increased p53 expres-
sion in the absence of structural alterations. On
the otherhand, mutations in thep53gene can lead
to a lack ofp53proteinproduction. Structural al-
terations of the p53 gene have not been docu-
mented in cases ofALCL andthe mechanismforan
abnormalpattern ofp53 expression in these lym-
phomas has not been elucidated. Therefore, to de-
termine whether an altered pattern ofp53 ex-
pression correlates with mutations in the p53
locus in ALCL, we analyzed the expression ofp53
protein immunohistochemicaly, compared it
with theproliferation index using monoclonal an-
tibody Ki-67, and assessed thepresence ofmuta-
tions in exons 5 though 9 ofthep53 gene using a
single-strand conformation polymorphism assay
in a panel of 1 7ALCLs. Furthermore, we studied
the presence of allelic deletions of chromosome
17p by restrictionfragment lengthpolymorphism
analysis. Wefound significant levels ofp53 pro-
tein expression in 12 ofthe 15 cases studied, but
identified mutations in only one of 17 cases. An
aUlelic deletion in chromosome 17p was identified
only in the one case containing a mutated p53
gene. Whereas the case containing structural al-
terations in thep53 gene did have strongp53 im-
munoreactivity, 11 cases that lacked p53 muta-

tions in the regions examined also had significant
levels of p53. Thus, our studies indicate that
strong immunohistochemical reactivityforp53 is
not a reliable indicator of the presence of struc-
tural alterations ofp53gene exons 5 through 9 in
ALCL (AmJPathol 1993, 143:845-856)

The systematic utilization of the Ki-1 monoclonal an-
tibody has led to the relatively recent identification of
a previously unrecognized entity now designated
CD30- (Ki-1) positive anaplastic large cell lymphoma
(ALCL).1-3 These malignant lymphomas are charac-
terized by large, bizarre, and pleomorphic tumor cells
containing abundant cytoplasm, one or more nuclei,
prominent nucleoli, sometimes resembling Reed-
Sternberg cells, and a high mitotic rate that prefer-
entially infiltrate lymph node sinuses and involve cer-
tain extranodal sites, i.e., the skin.3 Many tumors
previously diagnosed as true histiocytic lymphoma,
malignant histiocytosis, undifferentiated carcinoma,
malignant fibrous histiocytoma, malignant melanoma,
and various sarcomas are now thought to represent
examples of ALCL. The lymphoid origin of these neo-
plasms has been demonstrated by their expression of
B and T cell lineage restricted antigens and/or the
presence of clonal immunoglobulin (Ig) or T cell re-
ceptor gene rearrangements. However, these analy-
ses have shown that ALCLs are heterogeneous, and
although the majority are of T cell origin, some are B
cell or null cell neoplasms. Because of the reactivity
of the Reed-Sternberg cells of Hodgkin's disease
with anti-CD30 antibodies, as well as certain over-
lapping clinical and morphological features between
Hodgkin's disease and ALCL, a relationship between
these two diseases has been suggested, but the pre-
cise nature of this relationship remains controver-
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sial.i-6 Recently, a large percentage of cases of
Hodgkin's disease and ALCLs have been shown to
contain immunohistochemical reactivity with antibod-
ies recognizing the p53 tumor suppressor gene pro-

tein product.7
Tumor suppressor genes, namely, p53 and retin-

oblastoma, have been shown to play an important role
in the pathogenesis of human neoplasms. It has been
shown that disruption or loss of these genes relieves
the cell from certain negative regulatory signals.8 The
normal p53 gene acts as a tumor suppressor gene in
the murine model,9 but point mutations within the cod-
ing region can convert the p53 gene from a recessive
to a dominant oncogene.10 Several lines of evidence
support the notion that the loss or alteration of the p53
gene may contribute to growth deregulation of neo-

plastic cells. Several human neoplasms display a

monoallelic loss of variable portions of the short arm
of chromosome 17 and the 17p1 3.1 region, where the
p53 gene maps,"," is consistently lost in colon car-

cinoma.13 Consistent with Knudson's model of tumor
suppressor genes,14 it has been found that the
17p13.1 loss is consistently associated with muta-
tions of the residual p53 allele, which are thought to
inactivate the remaining p53 function.13'15'16 Further-
more, the vast majority of p53 mutations occur in one
of four hotspots in exons 5 through 8, corresponding
to evolutionarily conserved domains,17 and represen-

tative mutants from each of these four regions lose the
ability to bind p53-binding sites and to activate tran-
scriptionally the expression of adjacent reporter
genes, which is thought to be an important feature of
the normal p53 protein product.18-21 p53 mutations
and/or allelic losses have been found in several types
of human solid tumors, including colon, breast, lung,
brain, and soft tissue.13'15'16 Furthermore, p53 mu-

tations have been recently identified in several lym-
phoid tumors, specifically T cell acute lymphoblastic
leukemia cell lines,22 B-cell acute lymphoblastic leu-
kemia, B cell chronic lymphocytic leukemia and Bur-
kitt's lymphoma,23 follicular and diffuse B-cell yi-

phoma,24 and adult T-cell leukemia/lymphoma.2526
The p53 gene encodes a cell cycle-dependent nu-

clear phosphoprotein. The wild type p53 protein has
a half-life of approximately 5 to 20 minutes.27 How-
ever, the mutant p53 protein has an extended half-life
of 4 to 8 hours.28 Therefore, many tumor cells harbor
a concentration of p53 that can be easily detected by
immunoprecipitation,29 and high levels of p53 ex-

pression, seen in both hematopoietic and nonhe-
matopoietic neoplasms, have been interpreted as

abnormal.7'30 32 However, p53 protein products can

be detected in benign and neoplastic hematopoietic

cells that are actively proliferating.33 Specifically, p53
immunoreactivity has been identified in 11 of 14
CD30-positive ALCLs.7 The increased p53 expres-
sion observed in some ALCLs, as well as in other high
grade non-Hodgkin's lymphomas, may be due to mu-
tations in the p53 locus. Alternatively, this may be due
to the rapidly proliferating nature of these neoplasms.
To distinguish between these two possibilities, we an-
alyzed 17 cases of ALCL for mutations in exons 5
through 9 of the p53 gene using a single-strand con-
formation polymorphism (SSCP) assay and assessed
the presence of allelic deletions of chromosome 17p
by restriction fragment length polymorphism (RFLP)
analysis. We also determined the levels of p53 ex-
pression in these cases and its relationship to cellular
proliferation by immunostaining with monoclonal an-
tibodies (MAbs) to p53 and to Ki67, a proliferation-
associated nuclear antigen, and quantitated these
data using the CAS-200 computerized image analy-
sis system. We found that all 17 cases of ALCL are
rapidly proliferating and 12 displayed significant im-
munohistochemical reactivity for p53 which was com-
parable to that of Ki-67. However, only one of these
cases exhibited mutations in the p53 gene in the re-
gions examined, as well as an allelic deletion of chro-
mosome 17 p53 sequences. Thus, strong immuno-
histochemical reactivity for p53 does not imply the
presence of structural alterations of p53 gene exons
5 through 9 in ALCL.

Materials and Methods

Pathological Samples

A panel of 17 well-characterized cases of ALCL
were selected from among cases processed in the
surgical pathology laboratories of the Columbia
Presbyterian and New York University Medical Cen-
ters. Heparinized peripheral blood and bone mar-
row aspiration samples and lymph node biopsy
specimens were collected during the course of
standard diagnostic procedures under sterile condi-
tions and promptly delivered to the laboratory.
Mononuclear cells were separated from the periph-
eral blood and bone marrow aspiration samples by
Ficoll-Hypaque (Pharmacia Fine Chemicals, Piscat-
away, NJ) density gradient centrifugation. Repre-
sentative portions of each tissue specimen were
routinely fixed in buffered formalin, B5, or Bouin's,
embedded in paraffin, and hematoxylin and eosin-
stained sections were prepared. The remaining por-
tions were embedded in a cryopreservative solution
(optimum cutting temperature compound, Miles,
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Elkhart, ID) and stored at -70 C. The diagnosis of
ALCL was based upon correlative analysis of the
clinical, histopathological, and immunophenotypic
characteristics. The morphological features in-
cluded infiltration by large pleomorphic cells with
abundant cytoplasm and irregularly shaped nuclei
containing one or more prominent nucleoli, a high
mitotic rate, sinusoidal spread, the presence of
multinucleated cells often resembling Reed-
Sternberg cells, fibrosis, and numerous histiocytes
intermingled with the tumor cells. Positive staining
with monoclonal antibody Ber-H234 was required for
the diagnosis of ALCL. Before DNA extraction, a
Giemsa-stained frozen tissue section, or alterna-
tively, a cytospin smear of suspended cells, was
evaluated to determine the presence and propor-
tion of neoplastic cells in each case. At least 20% of
the cells in each of the cases were large and mor-
phologically neoplastic.

DNA Extraction

Genomic DNA was extracted from cryopreserved
mononuclear cell suspensions and tissue blocks
using a salting-out procedure.35 Briefly, the cells or
frozen tissue sections were resuspended in 3 ml of
nuclei lysis buffer containing 10 mmol/L TrisHCL,
400 mmol/L NaCI, and 2 mmol/L ethylene diamine-
tetraacetic acid (EDTA); 200 p1 of 10% sodium
dodecyl sulfate (SDS) (NaDodSO4) and 500 pl of
proteinase K solution (1 mg proteinase K in 1% SDS
and 2 mmol/L EDTA) were subsequently added. Af-
ter an overnight digestion at 37 C, 1 ml of saturated
NaCI was added. This mixture was centrifuged at
2,500 rpm for 20 minutes, and 2 volumes of ethanol
were added to the supernatant to precipitate the
DNA, which was washed several times in 70% eth-
anol. An alternative procedure was used when a
very limited amount of tissue was available, which
yielded sufficient DNA for polymerase chain reac-
tion (PCR) analysis only.36 Essentially, approxi-
mately three frozen sections were resuspended in
250 ul of a buffer containing 50 mmol/L KCI, 15
mmol/L Tris-CI, 2.5 mmol/L MgCI2, 0.5% Tween 20,
and 100 pg/ml of fresh proteinase K. This mixture
was incubated for 45 minutes at 56 C to digest the
cells and then for 10 minutes at 95 C to inactivate
the protease. The tubes were spun in a microcentri-
fuge for 30 minutes, the supernatant transferred to a
new tube, and the DNA quantitated spectrophoto-
metrically.

RFLP Analysis

Five-pgram aliquots of genomic DNA were digested
with Hinfl restriction endonucleases according to
the manufacturer's instructions (Boehringer-
Manheim, Indianapolis, IN), electrophoresed in 1%
agarose gels, denatured with alkali, neutralized,
and transferred to nitrocellulose filters according to
Southern.37 The filters were hybridized sequentially
to two highly polymorphic markers for loci on chro-
mosome 17, pYNZ22. 138 and p144D6,39 in 50%
formamide/3x standard sodium citrate (SSC) at 37
C, washed in 0.2x standard saline citrate/0.5%
SDS at 60 C for 2 hours, and autoradiographed at
-70 C for 16 to 48 hours, as previously described.40

Oligonucleotide Primers

All of the oligonucleotides used for PCR amplifica-
tion in this study were synthesized by the solid-
phase triester method. Sequences of p53 primers
derived from published sequences23'41 are as fol-
lows: P5-5, 5'-TTCCTCTTCCTGCAGTACTC-3';
P5-3, 5'-ACCCTGGGCAACCAGCCCTGT-3'; P6-5,
5'-ACAGGGCTGGTTGCCCAGGGT-3'; P6-3, 5'-
AGTTGCAAACCAGACCTCAG-3'; P7-5, 5'-GTGTT-
GTCTCCTAGGTTGGC-3'; P7-3, 5'-GTCAGAGG-
CAAGCAGAGGCT-3'; P8-5, 5'-TATCCTGAGTA-
GTGGTAATC-3'; P8-3, 5'-AAGTGAATCTGAG-
GC-ATAAC-3'; P9-5, 5'-GCAGTTATGCCTCAGATT-
CAC-3'; P9-3, 5'-AAGACTTAGTACCTGAAGGGT-
3'. The exact location of these primers has been
previously published.23 Essentially, primers P5-5,
P6-3, P7-5, P8-5, and P9-3 are derived from the
corresponding intron/exon junction,41 and primers
P5-3, P6-5, P7-3, P8-3, and P9-5 are derived from
intron sequences flanking the corresponding
exon.23

SSCP Analysis

SSCP analysis was accomplished according to
an adapted version of a previously reported
method.23'42 Briefly, PCRs were performed with 100
ng of genomic DNA, 10 pmoles of each primer, 2.5
umol/L deoxynucleoside triphosphates (dNTPs), 1
uCi of [a-32P] deoxycytidine triphosphate (dCTP)
(NEN; specific activity, 3,000 Ci/mmol), 10 mmol/L
Tris (pH 8.8), 50 mmol/L KCI, 1 mmol/L MgCI2,
0.01% gelatin, 0.5 U Taq polymerase, in a final vol-
ume of 10 ul. Thirty cycles of denaturation (94 C),
annealing (63 C for p53 exons 5, 6, and 9, 62 C for
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p53 exon 7, 58 C for p53 exon 8), and extension
(72 C) were done on an automated heat-block
(DNA Thermal-Cycler, Perkin-Elmer Cetus). The re-

action mixture (2 ul) was diluted 1:25 in 0.1% SDS
10 mmol/L EDTA and further mixed 1:1 with a se-

quencing stop solution (95% formamide, 20 mmol/L
EDTA, 0.05% bromophenol blue, and 0.05% xylene
cyanol). Samples were heated at 95 C for 5 min-

utes, chilled on ice, and immediately loaded onto a

6% acrylamide-Tris-borate-EDTA (TBE) gel contain-
ing 10% glycerol. Gels were run at 4 to 8 Watts for

14 to 16 hours at room temperature. The gels were

fixed in 10% acetic acid, air-dried, and autoradiog-
raphy was performed at -70 C with an intensifying
screen for 6 to 24 hours.

Cloning and Sequencing of PCR Products

PCR products were cloned in the PCR 1000 vector

using the TA cloning system (Invitrogen Corpora-
tion, San Diego, CA), following the manufacturer's
instructions. DNA sequencing was performed di-
rectly from a small-scale plasmid preparation43 after

determining the presence of an insert. The Seque-
nase version 2.0 (United States Biochemical, Cleve-
land, OH) system was used, and a modification of
the manufacturer's instructions was performed. Es-
sentially, approximately 2 ug of plasmid DNA in a

volume of 20 ul was alkali-denatured by adding 2 ul
of 2 N NaOH, 2 mmol/L EDTA and incubating for 5
minutes at room temperature. The mixture was then
neutralized with 8 ul 1 mol/L Tris-HCI (pH < 5) and
subsequently ethanol precipitated. The DNA was

resuspended in 7 ul of H20, adding 1 ul of primer
and 2 ul of 5x Sequenase sequencing buffer. After
incubation at 37 C for 30 minutes, the following re-

agents were added: 2 ul of Labeling Mix dilution (1:
5), 1 ul 0.1 mol/L dithiothreitol, 0.5 ul (4 uCi) [35S]-
deoxyadenosine triphosphate (dATP), 2 ul
Sequenase enzyme dilution (1:8). These labeling re-

actions were incubated at room temperature for 5
minutes and subsequently 3.5 ul were aliquoted into
a tube containing each of the four Termination Mix-
tures (ddGTP, ddATP, ddTTP, ddCTP). After a

5-minute incubation at 42 to 45 C, 4 ul of Stop Solu-
tion was added. The samples were denatured at 75
C for 5 minutes before loading into a 6%
polyacrylamide/8 mol/L urea gel. Autoradiography
was performed at room temperature for 16 to 24
hours.

Immunohistochemical Staining

The immunophenotype of the ALCLs had been de-
termined at the time of diagnosis by immunohis-
tochemical staining of frozen or paraffin tissue sec-

tions using a three-step avidin-biotin immuno-
peroxidase technique or an immunoalkaline phos-
phatase anti-alkaline phosphatase method, and/or
by direct and indirect immunofluorescent flow cy-
tometry of isolated cells in suspension using the
FAScan fluorescent activated cell sorter (Becton-
Dickinson, Mountain View, CA).44 MAbs used to im-
munophenotype the cases of ALCL included OKT3
(CD3), OKT4 (CD4), OKT6 (CD1), OKT8 (CD8),
OKT9 (CD71), OKT10 (CD38), OKT11 (CD2; Ortho
Diagnostics, Raritan, NJ), Ti (CD5), interleukin-2R
(CD25), BL9, HLA-DR (United Biomedical, Lake
Success, NY), Leu2 (CD8), Leu3a (CD4), Leu4
(CD3), Leu9 (CD7), Leu14 (CD22), Leu 22 (CD43),
LeuMl (CD1 5), LeuM5 (CD 1 1c; Becton-Dickinson),
LCA (CD45), L-26 (CD20), K, A, epithelial mem-
brane antigen (DAKO-PC, Dako Corporation, Santa
Barbara, CA), Ber-H234 (CD30; courtesy, Dr. Harald
Stein, Berlin, Germany), and B1 (CD20; Coulter Im-
munology, Hialeah, FL).

To determine binding to the p53 protein, sections
were incubated overnight with the primary anti-p53
MAb PAb180145 (p53 Ab-2, Oncogene Science,
Inc., Uniondale, NY), washed three times, and incu-
bated with biotinylated horse anti-mouse IgG (Vec-
tor Laboratories, Burlingame, CA). Peroxidase-
conjugated avidin-biotin complex was applied and
developed with diaminobenzidine. Sections were
then counterstained with hematoxylin, dehydrated,
and mounted with permount. The same method was
used for staining with MAb Ki-67 (DAKO-PC, Dako
Corporation).

Image Analysis

Quantitative investigation with a computerized im-
age analyzer (CAS-200, Cell Analysis System, Elm-
hurst, IL) was used to evaluate the number of p53-
positive cells as well as the proliferation index (Ki-
67-positive cells). Frozen tissue section slides were
analyzed after immunostaining using the CAS
Quantitative Proliferation Index software program,
which provides an accurate and objective method
for assessment of proliferating cell populations
when using immunohistochemical staining tech-
niques with antibodies that have been shown to re-
act with proteins present only during proliferation
such as Ki-67.46'47 It detects total nuclear area and



p53 Mutations and Expression in ALCL 849
AJP September 1993, Vol. 143, No. 3

nuclear reactivity with the antibody utilized, so p53
nuclear staining is adequately measured using this
program.

Results

Clinical and Immunophenotypic
Characterization

We investigated 17 cases of ALCL. The median age

of the patients was 56 years with a range of 18 to
79 years. The male to female ratio was 14 to 3.
Eleven patients had lymphadenopathy, one pre-

sented with a mediastinal mass, one with a paraver-

tebral mass, one with a thigh mass, three with skin
involvement, and one with ascites. At least seven

patients had liver and/or spleen involvement, and
two had lung nodules. Three of the patients (cases
15, 16, and 17) were HIV-positive.
The results of immunophenotypic analysis are

shown in Table 1. Briefly, all the cases were CD30-
positive, 70% were CD45-positive, 80% were epi-
thelial membrane antigen-positive, and all the cases

except one were CD15- (LeuMl) negative. A T cell
origin was likely in nine cases, a B cell origin in five,
and three cases had a null cell phenotype. In one of
these three cases (case 16), the Ig heavy chain
gene was discovered to be rearranged, and in an-

other case (case 15), gene rearrangement studies
showed a germline configuration for both the T cell
receptor chain and Ig heavy chain genes (data
not shown).

p53 Mutations

The ALCL samples were analyzed for mutations
within exons 5 through 9 of the p53 gene, which are

the regions affected by mutations in the vast major-
ity of other types of human tumors.13,15-17 This was
done by SSCP analysis, which allows the detection
of single base pair mutations because the wild type
and mutant radiolabeled PCR products show differ-
ent migration patterns due to the formation of alter-
native secondary structures after denaturation and
subsequent electrophoresis in a polyacrylamide gel
under nondenaturing conditions. This method has
been previously shown to be sensitive to the level of
at least 1% and highly specific.23 An abnormal mi-
gration pattern suggesting the presence of muta-
tions was identified in three of the 17 cases of
ALCL. Figure 1 shows the result of the SSCP analy-
sis performed for p53 exons 5 and 6, where case 2
shows the appearance of abnormal bands in exon

5, and cases 4 and 12 had an abnormal migration
pattern in exon 6, indicating the probable presence

of mutations in these exons. No mutations were

identified in exons 7, 8, or 9 (Table 2).
To confirm the results obtained by SSCP analysis

and to determine the nature of these mutations, the
fragments displaying an altered electrophoretic mo-

bility were reamplified in a separate reaction,
cloned, and sequenced (Figure 2). Cases 4 and 12
showed an A to G transition in codon 213, which
does not lead to any amino acid substitution and
has been previously reported as a polymorphism in

Table 1. Immunophenotypic Profiles of 1 7ALCLs

Miscellaneous antigens T cell-associated antigens B cell-associated antigens

CD19 CD20 CD22
CD30 CD45 CD15 CD2 CD3 CD4 CD5 CD7 CD8 CD43 B4 L26 BL9

Case# Lineage BerH2 LCA LeuMl EMA Til T3 T4 Leul Leu9 T8 Leu22 Leu12 Bi Leu14 K A

1 T + - - + + - + - - + - --

2 B + - - - - - - + +
3 ?T + - - + +
4 T + - - + - + - - - --

5 B + + - - - + + --

6 T + + - + - - + - - - - - --

7 T + + - + + - - + - --
8 T + + - + - _ + _ _ _ _ _ _-
9 B + + - - _ _ _ _ + + + _-
10 T + + - + + + - - + - - --
11 B + + - + - - - + - --
12 B + + - -
13 T + - - - +
14 N + - - +
15 N + + - +
16 N + + - + - - - - - - - - - --

17 T + - + + + +

+: positive immunoreactivity in the tumor cells; -: negative immunoreactivity in the tumor cells.
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this codonA3 Case 2 had an A to G transition lead-

ing to a missense mutation in codon 132, with a re-

sulting lysine to glutamic acid change.

RFLP Analysis

To assess the loss of heterozygocity in case 2, as

well as to evaluate the possibility of p53 deletion in

Figure 1. SSCP analysis of exons S and 6 of
the p53 gene. A shows a schematic diagram
ofp53 exons 5 and 6 with the location of the
primers used and the resulting radiolabeled
PCR products corresponding to these exons. B
shows the actual results of this SSCP analysis.
Radiolabeled, PCR-amplifiedfragments corre-

sponding to exons 5 and 6 are shown in the
upper and lower panels respectively, after de-
naturation and electrophoresis on a 6% ac-

rylamide gel containing 10%o glycerol. Lanes
1 through 17 correspond to the case num-

bers, and the lane labeled ND is amplified
DNA that was not denatured before electro-
phoresis. ST486, EB3, and DAUDI cell lines
were used as positive controlsfor exons 5 and
6 as indicated, because they are known to
contain mutations in these exons.23 Several
main bands were seen in most ofthe samples,
which were identical for each exon in the
cases containing the wild type sequence and
different for the positive controls. Case 2
showed an abnormal migration for exon 5,
whereas cases 4 and 12 showed a different
pattern of bands for exon 6, and thus, these
cases were interpreted as positive for muta-
tions.

the nonmutated cases, we performed RFLP analy-
sis for loss of 17p alleles. We used Southern blot
analysis to assess the number of 17p loci, using two
highly informative polymorphic probes that map

near the p53 locus.3839 Using this method, a con-

stitutive loss can be assessed within 95% confi-
dence limits when both of the informative DNA
probes show a loss of one 17p allele.15 Figure 3

EXON 5

Ps-5

EXON 6

PS-3
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Table 2. Summary of Structural Analysis ofp53 and
Expression ofp53 and Ki-67 in ALCL

p53 p53 Ki-67
Case # structure expression* positivity*

1 WT 55% 56%
2 M-Ex 5 58% 59%
3 WT 15% 40%
4 Polymorphic 17% 20%
5 WT 47% 48%
6 WT ND ND
7 WT 40% 53%
8 WT 32% 42%
9 WT 12% 16%
10 WT 5% 20%
11 WT 36% 45%
12 Polymorphic 22% 36%
13 WT 60% 56%
14 WT 38% 45%
15 WT 5% 25%
16 WT ND ND
17 WT 5% 13%

* Immunoperoxidase staining as percentage of positive large
neoplastic cells.

WT: wild type; M: mutated; ND: not done.

shows the pattern of 17p alleles from a control lym-
phoblastoid cell line and the 14 ALCL cases for
which there was sufficient patient material to per-
form this analysis, using the two DNA probes
pYNZ22 and p144D6. Probe p144D6 detects two
different allelic systems, designated A and B in Fig-
ure 3, both being informative even though one of
the frequently seen alleles in the system designated
B comigrates with a constant band seen in all the
cases. Whereas the lymphoblastoid cell line and all
the nonmutated cases are heterozygous, containing
two alleles with at least one probe, case 2 contains
only one allele with both probes. These data con-
firm the loss of heterozygocity for 17p loci, and thus
probably the p53 gene, in case 2.

p53 Expression

We performed immunohistochemical staining using
anti-p53 MAbs to confirm the previously reported
strong reactivity in ALCL and to correlate p53 ex-
pression with the presence or absence of p53 mu-
tations. We used MAb PAb1801 anti-human p53 be-
cause we found this MAb to display stronger and
more reproducible immunoreactivity than other
commercially available anti-p53 antibodies (PAb240
and PAb421). The slides were analyzed for nuclear
staining using the CAS-200 image analysis system,
which allowed quantitation of positivity in the large
neoplastic cells. The pattern of p53 staining in the
ALCLs varied from 5% to 60% positivity among the
neoplastic cells (Table 2). Three cases stood out in
having only 5% of the neoplastic cells weakly posi-
tive for p53 immunoreactivity, so these cases were

arbitrarily designated negative. Staining in more
than 10% of the tumor cells has been considered
the arbitrary threshold for positivity by other au-
thors.48 Staining was repeated in all these cases,
and the same result was obtained despite appropri-
ate controls and positive staining of the same tissue
with other antibodies, such as Ki-67. As seen in Ta-
ble 2, 12 of the 15 cases contained 12% to 60%
p53-immunoreactive neoplastic cells and therefore
were considered positive. In six of these cases, the
immunoreactivity was strong and in the remaining
cases it was moderate. However, only one of the
p53-positive cases had mutations, and whereas this
case had a large number of strongly positive cells,
other nonmutated cases had comparable patterns
of staining. Figure 4 shows p53 immunostaining in
the mutated case (case 2, A) and in one of the non-
mutated cases (case 13, C). Cellular detail can not
be fully appreciated in frozen tissue sections used
for immunohistochemical staining, and the neoplas-
tic cells in case 13 are larger than those in case 2.
However, the proportion of positive cells and the in-
tensity of staining are comparable. Because the
mechanism for p53 overexpression remains unex-
plained, we performed immunostaining with MAb
Ki-67, which detects a proliferation-associated nu-
clear antigen, to determine if the p53-positive cases
correspond to the more rapidly proliferating tumors
(Table 2). The results of this staining for cases 2 and
13 are shown in Figure 4, B and D respectively. The
results show a strong correlation between the per-
centage of p53- and Ki-67-positive cells. Statistical
analysis confirmed this correlation, with a correla-
tion coefficient of r = 0.925. These data suggest
that p53 positivity may be related to the highly pro-
liferative nature of these tumors.

Discussion
We found that one of 17 cases of ALCL contained
mutations in the p53 gene in the regions studied,
specifically a missense mutation in codon 132. Two
structural features support the pathogenetic role of
this mutation. The first one is the loss of the residual
p53 allele in this case, as seen by RFLP analysis for
chromosome 17p sequences, whereas the other 13
nonmutated cases examined remained heterozy-
gous. This loss of heterozygocity supports the loss
of function of both normal alleles as a model of ac-
tivation,14 as has been found in other types of tu-
mors where the 17p13.1 loss is consistently associ-
ated with mutations of the residual p53 allele.13'15,16
Second, this mutation results in an amino acid sub-
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stitution in a region of the protein that is highly con-
served throughout evolution.17'49 Thus, structural al-
terations of the p53 gene may play a pathogenetic
role in a minority of ALCLs.

Immunohistochemical staining revealed moder-
ate to high levels of p53 protein expression in 12 of
the 15 (80%) ALCLs studied here. This result is con-
sistent with a previous report where high levels of
p53 expression were detected in 78% of ALCLs.7 In
these studies, we used the PAb1801 anti-p53 mon-
oclonal antibody,45 which has been well character-
ized and we found provides specific and more sen-
sitive staining than the other commercially available
antibodies (PAb240 and PAb421 ).50,51 Furthermore,
even though PAb1801 detects both wild type and
mutant p53 products, so do the other antibodies.
MAb PAb421 can distinguish between wild type

Figure 3. RFLP analysis of P53 alleles. DNAs
u'ere digested teith Hiifr separated oni 10% agar-
ose gels, and hybridized to probes pYNZ22 and
p144D6 from chromosome pl7. The numbers
above the lanes represent the respective case
nlumber C is a lymphoblastoid cell line utsed as
a control. A and B denote two differenit allelic
svstems identified nvith probe p144D6. All the
cases except 2 atnd /4 contain too alleles with
probepYNZ22,and all except 2, 11, 12, 16. and
17 contain two alleles with probe p144D6 itn ei-
ther system A or system B. This indicates that the
only case showing only one allele with both
probes is case 2.

and some mutant forms of p53 in the nondenatured
state, but it is not able to do so when immunohis-
tochemical methods are used, as denaturation oc-
curs with fixation.51 We quantitated the staining us-
ing the CAS-200 image analysis system and found
that the level of p53 immunoreactivity did not corre-
late with the presence of mutations, as several non-
mutated cases contained levels of p53 comparable
to that of the mutated case.

In the case containing p53 mutations, the high
level of p53 expression can be explained as an in-
crease in the half-life of the mutated protein.28 How-
ever, the mechanism(s) responsible for the high
level of expression in other cases of ALCL remained
to be determined. Because it has been reported
that high levels of p53 expression can be detected
in benign and neoplastic hematopoietic cells that
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Figure 4. Immunoperoxidase staining with anti-p53 and anti-Ki-67 monoclonal antibodies (400X). A and B showfrozen tissue sections ofcase 2,
containing p53 mutations, stained with the anti-p53 antibody PAbl8O1 and with anti-Ki-67, respectively. C and D showfrozen tissue sections ofa
nonmutated case (case 13) stained similarly uwith PAbl80 and anti-Ki-67, respectively. Both cases show strong nuclear positivity with both anti-
bodies in a large atnd comparable percentage of cells.

are actively proliferating,33 we investigated the pos-
sibility that these high levels are related to cell divi-
sion. We determined the proliferation index by im-
munohistochemical staining with MAb Ki-67 and
compared the percentage of p53- and Ki-67-
positive cells. Double staining would probably have
been a better method to determine whether the
p53-positive cells correspond to those positive for
Ki-67, but this type of study was not possible be-
cause both antigens are intranuclear and both anti-
bodies are of the same isotype (IgGI). However, to
have an objective quantitation and comparison of
the percentage of positive cells with each antibody,
this percentage was determined with the CAS-200
image analysis system. As seen in Table 2, the
number of p53- and Ki-67-positive cells is very sim-
ilar in most cases, with a statistically significant cor-
relation in the expression of both antigens. Thus, we
can conclude that in ALCLs expressing high levels
of p53 protein product, the percentage of positive
cells corresponds closely to the number of prolifer-
ating cells, and p53 expression in these tumors may
be associated with cellular proliferation.

Whereas the expression of Ki-67 is known to be
related to cell division, the mechanism that leads to
p53 expression is less clear, and the relationship
between these two events is not yet understood.
Recent studies have shown that the wild type p53
plays a growth-controlling role, mediating the Gl ar-
rest of the cell cycle, in response to X-ray or drug-
induced damage.5253 The mechanism by which
p53 is thought to carry out its function is binding of
a p53 tetramer to a p53-binding site, leading to
transcriptional activation of downstream genes
which in turn negatively control cell growth.18 In
support of this model is the finding that p53 muta-
tions in the regions most frequently found in human
tumors lose the ability to bind p53-binding sites,
and thus cannot activate the expression of adjacent
reporter genes.19-21 It is possible that in the p53-
positive ALCL cells the levels are high due to
stress, in a manner analogous to that of irradiated
or drug-treated cells, as has been previously sug-
gested.18 Whether these high levels of wild type
p53 actually have any effect on the Gl arrest and
progression to the S phase, or whether the ALCL tu-
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mor cells have abnormalities downstream in the
cascade of events that lead to Gl arrest, remains to
be determined.

Our findings do not exclude the possibility that
other molecular mechanisms are responsible for the
high p53 levels in ALCL. Of particular interest is the
fact that p53 binds viral proteins, which has been
well documented for SV40 large T antigen, adenovi-
rus ElA and E1B, and HPV E6 and E7.5457 Further-
more, p53 mutations have been found with signifi-
cant frequency in Burkitt's lymphoma,23 which is
often associated with Epstein-Barr virus (EBV) infec-
tion and in adult T-cell leukemia/lymphoma,25,26
which is caused by the HTLV-1 human retrovirus. The
binding between p53 and viral proteins has also
been reported for EBV.58 This is relevant because
EBV-specific DNA sequences have been detected in
up to 32% of cases of nodal ALCL by PCR and in situ
hybridization for EBER transcripts, and in approxi-
mately 50% of these cases, tissue sections can be
labeled for the EBV-encoded latent membrane pro-
tein using specific MAbs.3,5960 Another study re-
ported the presence of EBV sequences in all eight
cases of ALCL studied by PCR analysis, whereas
these sequences could not be detected in any of
four of these cases by Southern blotting or in situ
hybridization techniques.61 Preliminary data from our
laboratory suggest that two of our cases (cases 15
and 16) are positive for EBV sequences by PCR and
Southern blotting, but both are from HIV-positive pa-
tients and do not correspond to the ones expressing
high levels of p53 protein products.

Because p53 is considered to be a tumor sup-
pressor gene, its structure and/or function may be
abnormal in those few cases with little p53 immu-
noreactivity. Even though we explored the regions
where p53 mutations are most frequently found, the
possibility remains that certain types of mutations,
such as those in the donor or acceptor splice sites,
in the first four or last two exons, or in promoter or
enhancer regions, could lead to low levels of p53
expression.48 Thus, further characterization of the
p53 gene structure, as well as the integrity and pro-
duction of p53 messenger RNA, is necessary to de-
termine whether the lack of p53 expression is rele-
vant to the pathogenesis of ALCL.

In conclusion, we found significant levels of p53
expression in a large proportion (80%) of ALCLs. In
these cases the percentage of tumor cells express-
ing p53 gene product correlates with the number of
cells that are actively proliferating as determined by
immunohistochemical staining with MAb Ki-67.
Even though the pathological significance of this
finding remains unclear, it suggests that p53 ex-

pression in ALCL cells is related to cellular prolifer-
ation. Furthermore, we have documented the pres-
ence of structural alterations of the p53 gene in one
case of ALCL. Even though this case showed high
levels of p53 protein detectable by immunostaining,
it did not show a different staining pattern when
compared with other ALCLs which are not mutated
in the regions examined and also expressed high
levels of p53. Thus, whereas high levels of p53 ex-
pression are found in a large number of ALCLs and
may be pathogenetically relevant, these do not nec-
essarily correlate with the presence of structural al-
terations in the p53 tumor suppressor gene.
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